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,QWURGXFWLRQ
7KHUHDUHDORWRISUHGLFWHGSK\VLFDOSKHQRPHQDZKLFKKDYHQ
WEHHQH[SHULPHQWDOO\GLVFRYHUHG\HW)RUH[DPSOH
QRQEDU\RQLF GDUN PDWWHU QHXWULQROHVV GRXEOH EHWD GHFD\ 2QH RI WKH PRVW LQWHUHVWLQJ SURFHVVHV SUHGLFWHG E\
6WDQGDUG0RGHO 60 LV WKH FRKHUHQW HODVWLF QHXWULQR QXFOHXV VFDWWHULQJ 'LVFRYHU\ RI WKLV SURFHVV ZRXOG JLYH
DGGLWLRQDO FRQILUPDWLRQ RI 60 DQG DOVR FRXOG EH XVHG IRU QXFOHDU UHDFWRU PRQLWRULQJ 7KLV VHDUFK UHTXLUHV
GHYHORSPHQW RI GHWHFWRUV UHVSRQVLEOH WR GLVWLQJXLVK H[WUHPHO\ UDUH HYHQWV IURP EDFNJURXQG FDXVHG E\ QDWXUDO
UDGLRDFWLYLW\DQGFRVPLFUD\V
2QHRI WKHSURPLVLQJ WHFKQRORJLHV IRU WKLV FKDOOHQJLQJ WDVN LVD WZRSKDVH HPLVVLRQGHWHFWRU WHFKQRORJ\ ,W LV
ZHOONQRZQWHFKQLTXHIRUGLUHFWGDUNPDWWHUVHDUFKLQJ5HFHQWO\5('5XVVLDQ(PLVVLRQ'HWHFWRUVFROODERUDWLRQ
SHUIRUPHGODUJHPDVVOLTXLG;HQRQHPLVVLRQGHWHFWRUIRUQHXWULQRUHVHDUFK7KLVDUWLFOHLVIRFXVHGRQWKHRQHRIWKH
SRVVLEOH VLWH IRU RXUGHWHFWRU ±.DOLQLQ1XFOHDU3RZHU3ODQW GHVLJQRI WKHGHWHFWRU DQGSULPDULO\ VLPXODWLRQVRI
H[SHFWHGVLJQDOLQFRPSDULVRQZLWKGLIIHUHQWEDFNJURXQGDUHSUHVHQWHG
6HDUFKIRUHODVWLFFRKHUHQWQHXWULQRVFDWWHULQJDW.133
2.1. Coherent scattering 
&RKHUHQWHODVWLFQHXWULQRQXFOHXV VFDWWHULQJZDVSUHGLFWHGE\ WKH60ORQJ WLPHDJR >@7KHGLIIHUHQWLDOFURVV
VHFWLRQRIWKLVSURFHVVFDQEHJLYHQE\WKHIRUPXOD
݀ߪ
݀ܧ௥
ൌ
ܩிଶ
Ͷߨ
ܳ௪ଶܯ ൬ͳȂ
ܯܧ௥
ʹܧఔଶ
൰ ܨଶሺܳଶሻ 
ZKHUHGF LV WKH)HUPLFRQVWDQWF(Q2) LV WKHIRUPIDFWRUDWIRXUPRPHQWXPQDQGQw=N í(1í4 sin2(șw))Z LV WKH
ZHDNFKDUJHIRUDQXFOHXVZLWKNQHXWURQVDQGZSURWRQVșw LV WKHZHDNPL[LQJDQJOH7KHWRWDOFURVVVHFWLRQLV
UHODWLYHO\ODUJHZKLFKLVSUHVHQWHGDV
ߪ ൎ ͲǤͶ ή ͳͲିସସܰଶሺܧఔሻଶܿ݉ଶ 
EȞLVPHDVXUHGLQ0H9>@7KLVIRUPXODLVYDOLGIRUQHXWULQRVZLWKHQHUJLHVXSWR0H9DQGWKXVFDQEHDSSOLHG
WRUHDFWRUVRODUDQGVXSHUQRYDQHXWULQRV7KHGHSHQGHQFHRIWKHFURVVVHFWLRQRQWKHQHXWURQQXPEHUDVN2SURYLGHV
DVLJQLILFDQWDGYDQWDJHIRUGHWHFWRUVXVLQJKHDY\QXFOHLDVD WDUJHW&RQVHTXHQWO\ WKHFRPSDFWQHXWULQRGHWHFWRUV
FDQ EH XVHG IRU REVHUYDWLRQ FRKHUHQW QHXWULQR VFDWWHULQJ DQG IXUWKHUPRUH IRU UHDFWRU PRQLWRULQJ WHFKQLTXHV DQG
QRQSUROLIHUDWLRQWDVNV>@8QIRUWXQDWHO\WKHUHDFWLRQKDVQRWEHHQPHDVXUHG\HWVLQFHWKHHQHUJ\RIUHFRLOQXFOHXV
LVH[WUHPHO\ORZ)RUH[DPSOHWKHHQHUJ\RI;HQRQUHFRLOQXFOHXVLVEHORZNH9IRUQHXWULQRVSURGXFHGDWQXFOHDU
SRZHUSODQW'HWHFWRUVIRUWKLVUHVHDUFKUHTXLUHODUJHPDVVKLJKHIILFLHQF\IRUVXENH9VLJQDOVDQGORZEDFNJURXQG
OHYHO7KHUHDUHVHYHUDOGLUHFWLRQVRIGHYHORSPHQWGHWHFWRUVIRUVHDUFKLQJFRKHUHQWVFDWWHULQJORZQRLVH*HUPDQLXP
GHWHFWRU>@ORZEDFNJURXQG1D,GHWHFWRUV>@DQGQREOHHPLVVLRQGHWHFWRUV>@:HDUHVWXG\LQJWKHODVWRQH
WHFKQRORJ\VLQFHLWVFDSDELOLW\WRPHDVXUHORZVLJQDOVFRPSDFWQHVVDQGJRRGVFDODELOLW\XSWRVHYHUDOWRQHVLQWKH
IXWXUH
2.2. Emission detector RED-100 
7KHHPLVVLRQPHWKRGRISDUWLFOHGHWHFWLRQZDVLQYHQWHGDERXW\HDUVDJR>@,WFDQEHXVHGIRUFRQVWUXFWLRQRI
VRFDOOHG³ZDOOOHVV´GHWHFWRUVWKDWPDNHWKHPDWWUDFWLYHIRUORZEDFNJURXQGH[SHULPHQWV>@$OVRWKLVWHFKQLTXH
DOORZV GHWHFWLRQ RI VLQJOH LRQL]DWLRQ HOHFWURQ JHQHUDWHG LQ WDUJHW PHGLXP VXFK DV FRQGHQVHG QREOH JDVHV
1RZDGD\VHPLVVLRQGHWHFWRUVDUHZLGHO\XVHGIRUFROGGDUNPDWWHUVHDUFKLQJLQDVVXPSWLRQWKDWLWPDQLIHVWVLWVHOIDV
ZHDNO\ LQWHUDFWLQJPDVVLYHSDUWLFOHV :,03V1HXWULQRFRKHUHQW VFDWWHULQJRIIKHDY\QXFOHLPXVWKDYH WKHVDPH
VLJQDWXUHDVD:,03
VVLJQDO7ZRSKDVHHPLVVLRQGHWHFWRURSHUDWHVDVIROORZV)LJ
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
)LJ  2SHUDWLRQ SULQFLSOH RI WZRSKDVH ©ZDOO OHVVª GHWHFWRU ZLWK OLTXLG [HQRQ DV D WDUJHW PHGLXP 6F² VFLQWLOODWLRQ IOXVK JHQHUDWHG E\
LQWHUDFWLRQRISDUWLFOH;ZLWK;HDWRPV(/²HOHFWUROXPLQHVFHQFHIOXVKLQWKHJDVHRXVVWDWHJHQHUDWHGE\HOHFWURQVH[WUDFWHGIURPOLTXLGVWDWH
E\HOHFWULFILHOG)307DQG307²DUUD\VRI307VUHVSRQVLEOHIRUGHWHFWLRQ6FDQG(/$²WKHILGXFLDOYROXPH%²OLTXLG[HQRQXVHGDV
DQDFWLYHVKLHOGIRUILGXFLDOYROXPH7KHDFWLYHYROXPHLVVXUURXQGHGE\DKLJKO\UHIOHFWLYHF\OLQGULFDOWHIORQUHIOHFWRUZLWKHOHFWURGHVWUXFWXUH
SURYLGLQJXQLIRUPHOHFWULFILHOG)7KHGHWHFWRULVHQFORVHGLQWKHYDFXXPFU\RVWDWPDGHIURPORZEDFNJURXQGWLWDQLXP
5DGLDWLRQLQWHUDFWVZLWKWKHWDUJHWOLTXLG[HQRQLQRXUFDVHLRQL]LQJDQGH[FLWLQJDWRPV([FLWHPHQWRI
DWRPVLVUHOHDVHGE\HPLVVLRQRIFKDUDFWHULVWLFSKRWRQ7KLVVFLQWLOODWLRQVLJQDOFDQEHUHJLVWHUHGDQGXVHGDVD
WULJJHU
 ,RQL]DWLRQHOHFWURQVGULIWXQGHUH[WHUQDOHOHFWULFILHOGWRWKHVXUIDFHRIWKHFRQGHQVHGVWDWHZKHUHWKH\SDVVWR
WKHJDVHRXVVWDWHWKURXJKWKHVXUIDFHSRWHQWLDOEDUULHU,QWKHJDVXQGHUVWURQJH[WHUQDOHOHFWULFILHOGHOHFWURQV
DWWDLQHQRXJKNLQHWLFHQHUJ\IRUH[FLWLQJDWRPVRIWKHJDV7KXVVHFRQGDU\VFLQWLOODWLRQVRFDOOHG
HOHFWUROXPLQHVFHQWLVJHQHUDWHG
%RWKSULPDU\DQGVHFRQGDU\VFLQWLOODWLRQVDUHPHDVXUHGE\SKRWRGHWHFWRUV:LWKDVHWRISKRWRGHWHFWRUVRQH
FDQUHFRQVWUXFWWKHFRRUGLQDWHVRIWKHRULJLQDOHYHQWLQWKHSODQHRIWKHVHW8VLQJWKHWLPHGHOD\EHWZHHQWZR
VFLQWLOODWLRQVLJQDOVFRUUHVSRQGHGWRHOHFWURQGULIWWLPHWKHWKLUGFRRUGLQDWHFDQEHGHULYHG
 )LGXFLDOYROXPH$)LJFDQEHGHWHUPLQHGXVLQJWKUHHGLPHQVLRQDOUHFRQVWUXFWLRQ+XJHDPRXQWRIWDUJHW
PHGLXPZLWKDKLJKVWRSSLQJSRZHUDURXQGWKHILGXFLDOYROXPHVXSSUHVVEDFNJURXQGFDXVHGE\UDGLRDFWLYLW\
RIGHWHFWRUVSDUWV,WFDQEHDOVRXVHGDVDQDFWLYHVKLHOGWRUHGXFHEDFNJURXQGLQILGXFLDOYROXPHFRUUHODWHG
ZLWKLQWHUDFWLRQVLQRXWHUYROXPH
 )XUWKHUDQDO\VLVRIVFLQWLOODWLRQDQGLRQL]DWLRQVLJQDOVFDQUHMHFWEDFNJURXQGDVZHOO

7KH5('LVWKHWZRSKDVHHPLVVLRQGHWHFWRUEHLQJXQGHUFRQVWUXFWLRQLQFRUUHVSRQGHQFHZLWKLWVVFKHPDWLF
FRPSXWHUPRGHOVKRZHGDWWKH)LJ7KHGHWHFWRUFRQVLVWRIYDFXXPFU\RVWDWPDGHIURPWLWDQLXPIRUPDLQWHQDQFH
[HQRQLQOLTXLGVWDWH7KHUHLVDQHOHFWURGHVWUXFWXUHLQWKHFU\RVWDWIRUDSSO\LQJDQHOHFWULFILHOGWRWKHOLTXLG[HQRQ
,WFRQVLVWVRIJULGFDWKRGHDW WKHERWWRPHOHFWURGHILHOGVKDSLQJULQJVDQGJULGHOHFWURGHVXVHGIRUPDNLQJVWURQJ
HOHFWULF ILHOG LQ WKHHOHFWUROXPLQHVFHQWJDS7DUJHWPHGLXP LQFOXGHG LQ WKHHOHFWURGHV\VWHP LVEHLQJZDWFKHGE\
3075GHYHORSHGE\+DPDPDWVXVSHFLDOIRU ORZEDFNJURXQGHPLVVLRQGHWHFWRUVZLWK OLTXLG[HQRQDVD
WDUJHWPHGLXP7KHVH307VZHUHPDGHIRUFU\RJHQLFWHPSHUDWXUHVq&TXDQWXPHIILFLHQF\IRUWKHQP
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ZDYHOHQJWKLVDERXW5('KDVWZRVHWVZLWK307LQHDFKRQHXQGHUWKHJULGFDWKRGHDQGRQHDWWKHWRS
RIWDUJHWPHGLXP2ZLQJWRH[WHQGHGHOHFWUROXPLQHVFHQWJDSWRPPWKLFNDSSUR[LPDWHO\ZHH[SHFWDPSOLILFDWLRQ
VXFK DV  SKRWRHOHFWURQV SHU RQH LRQL]DWLRQ HOHFWURQ 7KLV ZLOO DOORZ XV WR GLVWLQJXLVK UHDO HYHQWV IURP VLQJOH
SKRWRHOHFWURQVQRLVH


)LJ7KHFRPSXWHUPRGHORIWKHGHWHFWRU5('²7LWDQLXPZDUPYHVVHO²7KHUPRV\SKRQHFROGKHDG²$UUD\VRI307VLQ
HDFKLQDFRSSHUKROGHUV²&RSSHUWHUPRVFUHHQ²7HIORQGULIWFKDPEHUILOOHGZLWKOLTXLG[HQRQDQGHOHFWURGHVWUXFWXUH²7LWDQLXPFROG
YHVVHO
2.3. Neutrino elastic coherent scattering experiment at KNPP 
'HVSLWH WKH 5(' ZLOO OLNHO\ PRYH WR 616 DW WKH 2DN 5LGJH 1DWLRQDO /DERUDWRU\ RI 86$ IRU WKH ILUVW
REVHUYDWLRQRIQHXWULQRFRKHUHQWVFDWWHULQJRQQXFOHLWKHUHLVDSRVVLELOLW\WRFDUU\RXWWKHH[SHULPHQWDWWKH.DOLQLQ
1XFOHDU 3RZHU 3ODQW 7KH QXFOHDU UHDFWRU SURGXFHV KXJH DPRXQW RI HOHFWURQ DQWLQHXWULQRV LQ EHWD GHFD\V RI
UDGLRDFWLYHQHXWURQULFKSURGXFWVRIILVVLRQ7KHQHXWULQRIOX[GHSHQGVRQFRPSRVLWLRQRIIXHOLQWKHUHDFWRUFRUH
WKHUHIRUHFDQEHXVHGIRUUHDFWRUPRQLWRULQJ7KHUHDFWLRQRIFRKHUHQWQHXWULQRVFDWWHULQJLIREVHUYHGFRXOGEHXVHG
IRUUHDFWRUPRQLWRULQJDVZHOO>@6RZHDUHORRNLQJIRUZDUGWRFDUU\RXWWKHH[SHULPHQWDWWKLVVLWH
7KH.DOLQLQ1XFOHDU3RZHU3ODQWLVHTXLSSHGZLWKIRXU:35W\SHQXFOHDUUHDFWRUVZLWK*:SRZHUHDFK7KH
ORFDOEDFNJURXQGZDVPHDVXUHGE\H[SHULPHQWV*(00$>@DQG'$166>@ZKLFKDUHDOUHDG\LQVWDOOHGDWRQH
RIWKHXQLW7KHSRVVLEOHSODFHIRURXUH[SHULPHQWLVLQWKHXQGHUJURXQGJDOOHU\EHOORZWKHUHDFWRUFRUHLQPHWHUV
IURPLW
7KLVVLWHLVRYHUEXUGHQE\PHWHUVRIZDWHUHTXLYDOHQWPZHLQYHUWLFDOGLUHFWLRQLIZHWDNHLQWRDFFRXQWWKH
UHDFWRUFRUHLWVVKLHOGLQJDQGFRQVWUXFWLRQHOHPHQWVDJDLQVWFRVPLFUD\VDQGSURYLGHVDERXWPZHDWR
PFP
FP







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:HH[SHFWUHGXFWLRQRIFRVPLFPXRQIOX[LQDIDFWRURI7KHKDGURQFRPSRQHQWRIFRVPLFUD\VZLOOEHHOLPLQDWHG
>@
$QH[SHFWHGDQWLQHXWULQRIOX[DW WKHGLVWDQFHRIPIURPUHDFWRUFRUH LVDERXWFPV:HH[SHFW
DERXWHYHQWVSHUGD\LQWKHILGXFLDOYROXPHRINJRIOLTXLG[HQRQ6LQFHQXFOHDUUHFRLOVSURGXFHRQO\D
IHZLRQL]DWLRQHOHFWURQVWKHVLQJOHHOHFWURQQRLVHFDQEHDSUREOHPIRUHYHQWVUHJLVWUDWLRQ6LQJOHHOHFWURQHPLVVLRQ
LV VSRQWDQHRXV SURFHVV REVHUYHG LQ WZRSKDVH HPLVVLRQ GHWHFWRUV 7KLV QRLVH LV DVVRFLDWHGZLWK WKHUPDO HOHFWURQ
HPLVVLRQRI LRQL]DWLRQ HOHFWURQV DFFXPXODWHGXQGHU WKH OLTXLG VXUIDFH >@2Q WKH)LJ WKHUH LV D UHVXOW RIRXU
VLPXODWLRQIRUDQWLQHXWULQRVLJQDOYVVLQJOHHOHFWURQVQRLVH3HDNVRQWKHDQWLQHXWULQRVFDWWHULQJFXUYHFRUUHVSRQGWR
GHWHFWLRQRIRQHWZRDQGVRRQLRQL]DWLRQHOHFWURQV,WLVVHHQWKDWKXJHEDFNJURXQGFDXVHGE\VLQJOHHOHFWURQVQRLVH
FDQEHDYRLGHGLIZHUHTXLUHWKUHVKROGDWWKHOHYHORIWKUHHDQGPRUHHOHFWURQVSHUHYHQW,QWKLVDVVXPSWLRQWKHUDWH
RIDQWLQHXWULQRFRKHUHQWVFDWWHULQJHYHQWVSHUGD\ZLOOEHUHGXFHGWRDSSUR[LPDWHO\

)LJ7KHVLPXODWLRQRIWKHVLQJOHHPLVVLRQHOHFWURQQRLVHLQWKH5('DWWZRUDWHVRI+]$DQG+]%DQGQHXWULQRFRKHUHQW
VFDWWHULQJ&
7KHEDFNJURXQGHVWLPDWLRQLVUXQQLQJQRZRQWKHFRPSXWHUPRGHORIWKHGHWHFWRUDQG*($17EXWZHKDYH
DOUHDG\KDGDSUHOLPLQDU\UHVXOWV,WLQFOXGHVEDFNJURXQGIURPWKHQDWXUDOUDGLRDFWLYLW\RIWKHLQWHUQDODQGH[WHUQDO
FRPSRQHQWVQHXWURQVJHQHUDWHGE\FRVPLFUD\VDQG.UGLVWULEXWHGZLWKLQ;HYROXPH,WZDVXVHGRQO\ILGXFLDO
YROXPHRINJRIOLTXLG[HQRQIURPNJRIWRWDOPDVVIRUVHOIVKLHOGLQJ
)RUHVWLPDWLRQEDFNJURXQGFDXVHGE\GHWHFWRUFRPSRQHQWV WKHGDWDIURPJHQHUDOGDWDEDVHZDVXVHG5HFHQWO\
ZHUHFHLYHGGDWDRQWKHUDGLRDFWLYLW\RIH[DFWO\RXUGHWHFWRUFRPSRQHQWVVRQHZVHWRIFDOFXODWLRQLVEHLQJFDUULHG
RQ3UHOLPLQDU\UHVXOWVREWDLQHGZLWKJHQHUDOGDWDVHWFDQEHIRXQGHGLQWKH7DEOH$WWKHUHJLRQRILQWHUHVW WKH
EDFNJURXQGFDXVHGE\.UKDVUDWHDERXWHYHQWVSHUGD\ZKLFKLVQRWVLJQLILFDQW
7DEOH7KHQDWXUDOUDGLRDFWLYLW\RIGHWHFWRUFRPSRQHQWV
&RPSRQHQWPDWHULDO 8 7K . &R &V
307P%TXQLW     
&U\RVWDW7LWDQLXPP%TNJ     
5HIOHFWRU7HIORQP%TNJ     
307VXSSRUWKHDWH[FKDQJHU&RSSHUP%TNJ     

7KHUDGLRDFWLYLW\IURPH[WHUQDOHQYLURQPHQWZDVPHDVXUHGE\*(00$FROODERUDWLRQDWWKHSRVVLEOHORFDWLRQDW
.133>@6LPXODWLRQJDYHUDWHHYHQWVSHUGD\LQRXUGHWHFWRUDWWKHHQHUJ\UDQJHRILQWHUHVWEHORZNH9,W
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LV DW OHDVW  WLPHV VPDOOHU WKHQ WKH EDFNJURXQG UDWH IURP LQWHUQDO FRPSRQHQWV $OVR DFFRUGLQJ *(00$
PHDVXUHPHQWV WKH QHXWURQ IOX[ IURP WKH UHDFWRU FRUH GRHV QRW GHSHQG RQ WKH UHDFWRU RSHUDWHV RU QRW VLQFH WKH
ORFDWLRQ LVZHOO LVRODWHG IURPUHDFWRUFRUH7KDW¶VPHDQZHVKRXOG IRFXVRQ WKHFRVPLF UD\VDV WKH VHFRQGPDLQ
FRQWULEXWRUWRWKHWRWDOEDFNJURXQG

)LJ7KHVLPXODWLRQRIWKHEDFNJURXQGFDXVHGE\GHWHFWRUFRPSRQHQWV$E\QHXWURQVRIFRVPLFUD\V%LQFRPSDULVRQZLWKVLPXODWLRQRI
FRKHUHQWQHXWULQRVFDWWHULQJ&
$VLWZDVPHQWLRQHGEHIRUHLWLVPXRQFRPSRQHQWZKLFKSURGXFHWKHPDLQSDUWRIWKHEDFNJURXQGDVVRFLDWHGZLWK
FRVPLFUD\VDWWKHGHWHFWRUVGLVSRVDO2ULJLQDOPXRQVGRQ¶WFRQWULEXWHPXFKWRWKHORZHQHUJ\UDQJDOVRWKH\DQG
WKHLU SURGXFWV FDQ EH YHWRHG E\ SODVWLF VFLQWLOODWLRQ ©XPEUHOODª FRYHULQJ WKH 5(' 7KH PRVW GDQJHURXV
EDFNJURXQGJHQHUDWHGE\PXRQVDQGFDQQRWEHDYRLGHGLVWKHQHXWURQVERWKSURPSWDQGFRROHGGRZQDIWHUQXPEHU
RI VFDWWHULQJ LQ WKH VKLHOGLQJ 6LPXODWLRQ RI WKLV EDFNJURXQG ZDV GRQH ZLWK VHYHUDO DVVXPSWLRQV $FFRUGLQJ WR
*(00$PHDVXUHPHQWVWKHPXRQIOX[LVUHGXFHGZLWKDIDFWRURIIURP(DUWKVXUIDFHOHYHO*(00$LVVLWXDWHG
RQHVWHSXSIURPWKH5('SRVVLEOHVLWHEXWZHXVHGIDFWRUDVDSHVVLPLVWLFYDULDQWVLQFHZHKDYHQ¶WJRWDQ\
FDOFXODWLRQRIPXRQIOX[DWRXUGLVSRVDO$OVRZHXVHGLQRXUFDOFXODWLRQVWKHVDPHHQHUJ\VSHFWUXPRIQHXWURQVDV
LWLVDWWKHOHYHORI(DUWKVXUIDFH>@
7KH SUHOLPLQDU\ UHVXOW RQ VXPPDU\ RI EDFNJURXQGV IURP LQWHUQDO GHWHFWRU VWUXFWXUH FRPSRQHQWV UDGLRDFWLYLW\
$FRVPLFQHXWURQV%WRJHWKHUZLWKH[SHFWHGVLJQDO&LVSUHVHQWHGRQWKH)LJ
$VWKHH[SHFWHGVLJQDOLVDWDOHYHORIVHYHUDORUGHURIPDJQLWXGHKLJKHUWKHQEDFNJURXQGZHSURSRVHRXUGHWHFWRU
DV D FRPSDFW WRRO IRU GLIIHUHQW WDVNV RI UHDFWRUPRQLWRULQJ:H DUH FDUU\LQJRQ WKH VLPXODWLRQRI VHYHUDO UHDFWRU
SDUDPHWHUVZKLFKFRXOGEHREWDLQHGE\RXUQHXWULQRGHWHFWRU$WWKH)LJRQHFDQILQGSUHOLPLQDU\UHVXOWVRIWKLV
VLPXODWLRQV

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
)LJ3UHOLPLQDU\VLPXODWLRQRIDQWLQHXWULQRIOX[HYROXWLRQRQWKHOHIWVLWHGXULQJWKHGD\VRIUHDFWRUF\FOHDQGVLPXODWLRQRIUHDFWRUSRZHU
PRQLWRULQJRQWKHULJKWVLWHXVLQJWKHFRKHUHQWQHXWULQRVFDWWHULQJDQG5('DVDWRRO
&RQFOXVLRQ
:HSURSRVHG WKH WZRSKDVH[HQRQGHWHFWRU UHVSRQVLEOH WRGHWHFWQHXWUDOFRKHUHQWQHXWULQRVFDWWHULQJRQKHDY\
QXFOHL:HKDYHEHHQVWXG\LQJWKHHQYLURQPHQWDOFRQGLWLRQVDWRQHRIWKHSRVVLEOHGHWHFWRUVLWH.133&RPSXWHU
PRGHO VKRZHGSRVVLELOLW\RIXVDJHRXUGHWHFWRU IRUGHWHFW DQG VWXG\FRKHUHQWQHXWULQR VFDWWHULQJDW WKLVGLVSRVDO
)XUWKHUPRUH LW LV SRVVLEOH WR XVH WKLV SURFHVV DQG RXU GHWHFWRU DV D WRRO IRU GLIIHUHQW UHDFWRU PRQLWRULQJ WDVNV
PRQLWRULQJRIRXWSXWSRZHUPRQLWRULQJRIEXUQXSHIIHFWPRQLWRULQJRIFULWLFDOVLWXDWLRQV
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 5) *RYHUQPHQW XQGHU FRQWUDFWV RI 1518 0(3K, ZLWK WKH 0LQLVWU\ RI
(GXFDWLRQDQG6FLHQFHRI1R*IURP2FWREHUDQG1RɉIURP0D\DQGLQSDUW
E\ WKH5XVVLDQ)RXQGDWLRQIRU)XQGDPHQWDO5HVHDUFKXQGHU WKHFRQWUDFWRI1RɚDQGE\ WKH5XVVLDQ
0LQLVWU\RI(GXFDWLRQDQG6FLHQFHYLDJUDQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHRUJDQL]HFRPPLWWHHRI0(3K,FRQIHUHQFHZKRJLYHVXVDQRSSRUWXQLW\WR
JLYHWKHWDONRQWKHFRQIHUHQFHDQGWRZULWHWKLVDUWLFOHDVDUHVXOWRIWKLVWDON2XUVSHFLDOWKDQNVWR'U$OH[DQGHU
6WDURVWLQRI,7(3IRUPDQ\HQOLJKWHQLQJGLVFXVVLRQVDERXWEDFNJURXQGFRQGLWLRQVDWWKH.133
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